In this paper, new global stabilizing control laws are presented for the ball-and-beam system in the two cases, with and without friction. The key to stabilize the ball-and-beam system is to deal with severe nonlinear terms. To this end, suitable state-dependent saturation levels are assigned and many efforts are made to compute the linear gain in finite time. The suggested method does not depend on homogeneity theory, backstepping technique and energy function technique.
INTRODUCTION
In the two cases, with and without friction, the ball-and-beam model is not in a strict feedforward form and does not meet the structural requirements of the usual recursive methods. Therefore, explicit nonlinear designs can be found in rare references: Sepulchre (2000) , Barbu et al (1997) and Ortega et al (2002) deal with the frictionless case, while Lin et al (1999) , Sepulchre et al (1997) and Olfati-Saber et al (1998) tackle the friction case. The key to stabilize the ball-and-beam system is to deal with severe nonlinear terms. Noticing that the constant saturation technique does not work, researchers turn to propose the state-dependent saturation scheme (Sepulchre (2000) , Barbu et al (1997) , Lin et al (1999) ). For the frictionless ball-andbeam system, Barbu et al (1997) first dealt with a three-state subsystem via state-dependent saturation, and then took a backstepping procedure to achieve the stabilization design of the whole system; Sepulchre (2000) used the homogeneity theory to assign saturation level functions. In the friction case, Lin et al (1999) combined the state-dependent saturation technique with the backstepping technique. In this paper, we prefer using the state-dependent saturation technique. By assigning suitable saturation level functions and making an effort to achieve linear gains, we are able to explicitly compute severe nonlinear terms. Indeed, linear gains play an important role in our algorithm. To obtain them, we not only use the constrained dissipative inequality technique in Lin et al (1999) , but also suggest a new computation manner: using the ISS notion when inputs possess a slowly-varying property. As a result, when dealing with the frictionless ball-and-beam system we need no the backstepping procedure in Barbu et al (1997) , nor depend on the homogeneity theory in Sepulchre (2000) . While tackling the friction case, the achieved control law differs from the one in Lin et al (1999) since we can avoid a backstepping procedure. In addition, the designs in this paper clearly differ from Ortega et al (2002 and Olfati-Saber et al (1998) where the energy function schemes or backstepping approaches were used. The rest of the paper is organized as follows. Section 2 introduces the technical preliminaries on achieving linear gain. Particularly, apart from the existing constrained dissipative inequality technique, we will compute linear gain from a two-state ISS system. In Section 3 we cope with the ball-and-beam system and give related simulations. Finally, some concluding remarks are included in Section 4.
PRELIMINARIES
We introduce two lemmas with which we can obtain the linear gain. In the subsequent design and analysis, we always try to obtain linear gains and use them to explicitly compute severe nonlinear terms.
Lemma 1 Consider the two-state ISS system , .
Suppose that the input v possesses a slowly-varying property: 
Similar computations lead to the gain estimate of ( ) y t . □
Remark 1
The computation here is motivated by Barbu et al (1997) , but we go further to compute the linear gain from a two-state ISS system. Due to this treatment, in Section 3 we are able to deal with the frictionless ball-and-beam system without using the backstepping technique in Barbu et al (1997) . From Lin et al (1999) we sum up the following result that is also used to achieve linear gain.
Lemma 2 
GLOBAL STABILIZATION DESIGNS

Stabilization of the frictionless ball-and-beam system
After a preliminary feedback, the frictionless ball-and-beam system is described by (see Barbu et al (1997) )
where u is the control input. This system has not a strict feedforward structure due to the severe nonlinear terms (2000)). By contrast, we need no 2 ( ) y γ , and assign different saturation level functions. The differences should be caused by different analysis methods. Sepulchre (2000) depends on the weighted homogeneity, while we emphasize assigning suitable saturation level functions to obtain linear gain. The gain information will be used to explicitly compute severe nonlinear terms. To prove Proposition 1, it suffices to prove Lemma 4. We below carry out stability analysis in a bottom-up manner.
Proof of Lemma 4 It is proved in five steps.
Step 1 Prove that system (6) has no finite escape times. Noticing that system (6) is equivalent to system (3), it suffices to prove that system (3) has no finite escape times. System (3) is now described by . Since v is bounded, system (3) has no finite escape time.
Step 2 Verify the slowly-varying property of the saturation level function ( ) a X .
First, consider the 1 2 ( , ) y y subsystem of system (6) 
Step 3 Verify the non-integrability property of the saturation level function ( ) a X . Step 4 Verify that the saturated control v reduces to a linear controller. When 1 t t ≥ we consider the 2 x subsystem of (6). Using (13) and (11) 
. 
Step 5 Verify that the reduced system (14) 
With these in mind, one can easily test that when
Then system (16) is described by In the light of the criterion in Sontag (1989) and the fact that the z subsystem is ISS w.r.t. Remark 5 For the ball-and-beam system with friction, Lin et al (1999) completed the whole design by first tackling a two-dimensional subsystem and then taking a backstepping procedure. By contrast, we can avoid a backstepping procedure. Our design is also simpler than the one in OlfatiSaber et al (1998) where the backstepping technique is used. Compared to the method in Sepulchre et al (1997) , we actually provide an alternative solution since we do not heavily rely on Lyapunov functions.
Simulations
In the following, simulations are presented to show the effectiveness of the proposed designs. The initial conditions are taken as (1, 0, 0.021, 0) . For the two cases, without and with friction, the simulation results are given in Figs. 1 and 2 , respectively, showing that under the given simulation conditions, all states fast converge to the origin. 
CONCLUSION
In this paper, for the ball-and-beam system (with and without fiction) we have presented global stabilization designs. Compared to the existing methods, we do not depend on the homogeneity theory, nor need a backstepping procedure, but focus on severe nonlinear terms and tackle them by making efforts to achieve and use linear gain. We believe that the analysis technique of using linear gain in finite time would be applied to other non-strict feedforward systems and yield new stabilization designs.
